Objective: Excess glucocorticoids are known to cause hypertension and cardiovascular disease (CVD). The BclI glucocorticoid receptor (GR) polymorphism increases glucocorticoid sensitivity and is associated with adverse metabolic effects. Previous studies investigating cardiovascular implications have shown inconsistent results. Therefore, the aim of the present study was to investigate the association of the BclI polymorphism with blood pressure, atherosclerosis, low-grade inflammation, endothelial dysfunction, and prevalent CVD. Design: Observational cohort study, combining two cohort studies designed to investigate genetic and metabolic determinants of CVD. Methods: We genotyped 1228 individuals (aged 64.7 yearsG8.5) from the Cohort on Diabetes and Atherosclerosis Maastricht (CODAM) study and Hoorn study for the BclI polymorphism. We measured blood pressure, ankle-brachial index (ABI), and carotid intima-media thickness (cIMT). Low-grade inflammation and endothelial dysfunction scores were computed by averaging Z-scores of six low-grade inflammation markers and four endothelial dysfunction markers respectively. Prevalent CVD was assessed with questionnaires, hospital records, ECG, and ABI. Results: Homozygous carriers (GG) had higher mean arterial pressure (103.8G12.4 mmHg vs 101.6G12.2 mmHg (meanGS.D.); P!0.05) compared with non-carriers (CC). Homozygous carriers had lower ABI compared with heterozygous carriers (CG) (1.08G0.13 vs 1.11G0.14; P!0.05). After adjustment for all covariates in the full model, the association with ABI was no longer significant. BclI was not associated with systolic blood pressure, cIMT, low-grade inflammation, endothelial dysfunction, and prevalent CVD. Conclusions: The BclI polymorphism of the GR gene may contribute to an unfavorable cardiovascular profile; however, the effects on cardiovascular variables appear to be limited and partly mediated by the metabolic phenotype exerted by BclI.
Introduction
Glucocorticoids (e.g. cortisol) are secreted by the adrenal cortex and exert their effects by binding to the glucocorticoid receptor (GR). Effects of glucocorticoids are numerous and complex. Apart from metabolic actions (e.g. increased gluconeogenesis, insulin resistance, and lipolysis), glucocorticoids have a role in the complex interplay between pro-and anti-inflammatory pathways (1) and exert multiple vascular effects. Glucocorticoids increase blood pressure by enhancing sensitivity of vascular smooth muscle to catecholamines and angiotensin II, by increasing angiotensinogen synthesis, by reducing nitric oxidemediated endothelial dilatation and by sodium retention in the distal nephron (2, 3) . Consequently, chronic exposure to high doses of endogenous or exogenous glucocorticoids often results in an unfavorable metabolic profile and cardiovascular disease (CVD) (4, 5, 6, 7) .
Interestingly, efficacy and side effects of administered glucocorticoids are highly variable among individuals, whereas glucocorticoid sensitivity at an individual level appears rather stable (8) . Part of the inter-individual variability of glucocorticoid effects is believed to be caused by polymorphisms in the GR gene (9). One of the most common functional polymorphisms (allele frequency 35%) in the GR gene is the BclI polymorphism (rs41423247) (9), consisting of a C/G substitution, 646 nucleotides downstream from exon 2. The BclI polymorphism is associated with an increased sensitivity to glucocorticoids (10) and recently we showed that homozygous carriers of this polymorphism have more abdominal obesity (11) , which may contribute to adverse cardiometabolic effects.
Although cardiovascular effects of the BclI polymorphism have been investigated before, inconsistent results were obtained and most studies were performed in selected patient populations. Some studies found systolic blood pressure (SBP) to be increased for BclI carriers (12, 13) and homozygous carriers of the BclI polymorphism (GG) were more common in a group of young adults with higher personal and parental blood pressure (14) . Some larger studies, however, did not find this association (10, 15, 16) . One study evaluated the effect of multiple GR gene polymorphisms on blood pressure across different ethnic groups, but found no associations with BclI (17) . With regard to CVD, no association between BclI and myocardial infarction, coronary heart disease or carotid intima-media thickness (cIMT) was found in two cohort studies in older individuals (18, 19) . In contrast, in a large cohort study of individuals with familial hypercholesterolemia, BclI was associated with CVD in men (16) and BclI was associated with higher cIMT in individuals referred for coronary angiography (20) .
Chronic low-grade inflammation and endothelial dysfunction play an important role in the pathobiology of CVD (21, 22) . Interestingly, so far only one study specifically addressed the role of the BclI polymorphism in chronic low-grade inflammation but did not find a significant association (18) . Whether carriers of this polymorphism display greater endothelial dysfunction has not been studied to date.
In view of the above, we conducted the present study in a large sample of two metabolically well-defined Dutch cohort studies designed to investigate the association between metabolic variables and CVD. The objective of our study was to investigate whether the presence of the BclI polymorphism is associated with blood pressure, cIMT, ankle-brachial index (ABI), and prevalent CVD. In addition, we studied its relation with chronic low-grade inflammation and endothelial dysfunction. We hypothesized that the minor G-allele of the BclI polymorphism is associated with an unfavorable vascular profile.
Methods

Study populations
The study population consisted of individuals from the 2000 Hoorn study follow-up examination (23) and the baseline examination of the Cohort on Diabetes and Atherosclerosis Maastricht (CODAM) study (24) . Both studies had a similar data collection research protocol and they have been used as a combined cohort before (11, 25) .
Briefly, the Hoorn study started in 1989 and is a population-based cohort study of glucose metabolism, CVD risk factors and complications (nZ2484). A follow-up examination was performed among 822 individuals in 2000-2001, consisting of 648 surviving individuals of the baseline cohort and a group of 174 individuals with type 2 diabetes mellitus (T2DM) from the Hoorn Screening study (23) . The CODAM study is an ongoing cohort study that started in 1999-2000, designed to investigate the effects of glucose metabolism, obesity, blood lipids, lifestyle, and genetic factors on CVD and mortality (24) . It consists of 574 individuals selected on the basis of an elevated risk for T2DM and CVD from a large population-based cohort who had undergone a glucose metabolism screening test, as described elsewhere (24) .
The present study consisted of 1228 individuals (543 from CODAM and 685 from the Hoorn study) who were available for genotyping of the BclI polymorphism. The study was approved by the Medical Ethics Committees of the VU University Medical Center (Hoorn study) or the Maastricht University Medical Center (CODAM study), and all individuals gave written informed consent.
Blood pressure measurements
Brachial SBP and diastolic blood pressure (DBP) were assessed with an oscillometric device (Press-Mate, BP-8800; Colin Medical Instruments Corp., San Antonio, TX, USA, in the Hoorn study and Speidel & Kelly Maxi Stabil 3, Jungingen, Germany, in the CODAM study) (24, 26) . Mean arterial pressure (MAP) was calculated as ((2/3! DBP)C(1/3!SBP)).
Markers of atherosclerosis and CVD prevalence
Carotid IMT was measured in the carotid artery with ultrasound imaging (Ultramark 4C, Advanced Technology Laboratories, Bothel, WA, USA in the CODAM study and Pie 350 Series; Pie Medical BV, Maastricht, The Netherlands in the Hoorn study). For the ABI, SBP was measured in the brachial, dorsalis pedis, and posterior tibial arteries on both sides with a Doppler device. The ABI was calculated for each leg by dividing the highest ankle SBP by the highest brachial SBP. We used the lowest ABI of either leg for the analysis. Individuals with an ABI of more than 1.5 (nZ4) were excluded from the ABI analyses, since elevated ABI values may represent vascular stiffness (27) .
Prevalent CVD was defined as a history of myocardial infarction, stroke or transient ischemic attack, nontraumatic limb amputation, coronary or peripheral artery bypass, angioplasty or signs of infarction or ischemia on a 12-lead ECG (Minnesota codes 1-1, 1-2, 1-3, 4-1, 4-2, 4-3, 5-1, 5-2, 5-3, or 7-1) or an ABI of !0.9 in either leg (24, 28) .
Markers of low-grade inflammation and endothelial dysfunction
Plasma markers of low-grade inflammation (C-reactive protein (CRP), interleukin 6 (IL6), interleukin 8 (IL8), tumor necrosis factor alpha (TNFa), serum amyloid A (SAA), and soluble intercellular adhesion molecule 1 (sICAM1)) and plasma markers of endothelial dysfunction (soluble E-selectin (sE-selectin) and soluble vascular cell adhesion molecule 1 (sVCAM1)) were measured by multiarray based on electro-chemiluminescence technology (MesoScaleDiscovery, SECTOR Imager 2400, Gaithersburg, MD, USA) as previously described for Hoorn (29) and CODAM (30) . In CODAM, IL6, SAA, sICAM1, sE-selectin, and sVCAM1 were also measured by ELISA and CRP was also measured in serum by high-sensitivity immunoturbidimetry (31) . Values obtained by ELISA or immunoturbidimetry assay were calibrated on the values obtained by multi-array and the calibrated and multi-array values were averaged for CODAM (30) . von Willebrand factor (vWF) was determined in citrated plasma by means of ELISA (29) .
Single-nucleotide polymorphism analysis
The BclI restriction fragment length polymorphism (rs41423247) is a C/G (2.3 and 4.5 kb) single-nucleotide polymorphism located in intron 2 of the GR gene (NR3C1), 646 nucleotides downstream from exon 2 (10). Determination of the BclI polymorphism was performed by allelic discrimination with the use of TaqMan Genotyping Master Mix (Applied Biosystems) using probes as previously described (10, 11) .
Statistical analysis and study power
Data were analyzed with the use of IBM Statistical Package for Social Sciences for MAC, version 21 (SPSS, Inc.). HardyWeinberg equilibrium was determined using a c 2 test.
Variables with a skewed distribution (CRP, IL6, IL8, TNFa, SAA, sICAM1, vWF, sE-selectin, and sVCAM1) were natural log-transformed prior to further analyses. To obtain a robust measure of overall inflammation and endothelial dysfunction we computed composite scores as described before (30, 32, 33) . With these composite scores we reduce biological variability and random error of each individual variable, and we gain statistical efficiency. The scores are calculated by first computing the Z-score for each individual variable ((individual valueKpopulation mean)/population S.D.) and next averaging the Z-scores for both the inflammation and endothelial dysfunction variables. The inflammation score consists of the variables CRP, IL6, IL8, TNFa, SAA, and sICAM1, and the endothelial dysfunction score consists of the variables sICAM1, vWF, sE-selectin, and sVCAM1. sICAM1 is considered a marker both for lowgrade inflammation and for endothelial dysfunction, as it is expressed by both monocytes and endothelial cells (34) .
Logistic and linear regression analyses were used as appropriate to compare levels of blood pressure, cIMT, ABI, scores for inflammation and endothelial dysfunction and CVD prevalence across the three genotypes of the BclI polymorphism. To do this, we created dummy variables to compare outcome variables across genotypes, using alternately CG and CC as reference (GG vs CG, GG vs CC, and CG vs CC) (11) . Analyses were performed crude (model 1), adjusted for sex, age, cohort, and glucose metabolism status (model 2) and with additional adjustment for smoking status (model 3). Since we previously demonstrated an association of the BclI GR polymorphism with BMI, we performed an additional mediation analysis to detect if effects of BclI on vascular risk factors were mediated by BMI (model 4). A two-sided P value !0.05 was considered statistically significant. In this study we test associations of BclI with five main outcome variables, representing two clusters of clinical characteristics (blood pressure and atherothrombosis), and two possible mediators of atherothrombosis (low-grade inflammation and endothelial dysfunction). We did not adjust for multiple testing in this study because of the limited number of clusters tested, the biological plausibility of our hypothesis (35) and the increased chance of type II errors with multiple-testing correction (36) .
We performed a power analysis based on our hypothesis that homozygous carriers of the G-allele (GG) will have a more unfavorable cardiovascular profile. In our previous study in the same population we identified 169 homozygous carriers and 519 non-carriers of the BclI polymorphism. Assuming a normal distribution, this population would result in a power of 80.6% to demonstrate a significant effect of 0. 
Additional analyses
Since the GR might affect some pathways of inflammation and endothelial dysfunction more than others, we investigated the relation between the BclI genotypes and the low-grade inflammation and endothelial dysfunction variables separately.
Additionally, we performed sensitivity analyses. Since participants suffering from acute inflammation could complicate the results (30, 37), we repeated the analyses after excluding participants with possible acute inflammation (CRP O10 mg/l, nZ145). Furthermore, we adjusted the SBP and MAP analyses for use of antihypertensive medication (yes/no) and we repeated the ABI analyses after excluding participants with an ABI above 1.3 (nZ45), since this is sometimes proposed as a cut-off point for a normal ABI (27, 38) .
Results
General characteristics of the CODAM and Hoorn study populations are presented in Table 1 . The Hoorn study population was older, included more women and more individuals with T2DM and prevalent CVD compared with the CODAM study. Genetic determination of the BclI polymorphism in the combined study populations identified 519 non-carriers (CC) of the G-allele, 540 heterozygous carriers (CG), and 169 homozygous carriers (GG). Genotypes were in Hardy-Weinberg equilibrium (PO0.05) and frequencies did not differ between the two cohorts.
Summary statistics of the study variables across the three genotypes of the BclI GR polymorphism are displayed in Table 2 .
Associations between BclI polymorphism and blood pressure Homozygous carriers of the BclI polymorphism (GG) had higher SBP (144.0G20.7 mmHg vs 140.8G19.5 mmHg (meanGS.D.)) and MAP (103.8G12.4 mmHg vs 101.6G 12.2 mmHg) when compared with non-carriers (CC) ( Table 2 ). For MAP this association was significant, also after adjustment for the study covariates (Table 3 , models 1-3). For SBP, the association was not statistically significant (PZ0.08, adjusted for study covariates in the 
Associations between BclI and atherosclerosis and CVD prevalence
Homozygous carriers of the BclI polymorphism (GG) had a lower ABI (1.08G0.13 vs 1.10G0.14) compared with heterozygous carriers (CG) ( Table 2 ). This association was only significant in the crude analysis and after adjustment for sex, age, cohort, and glucose metabolism status (Table 4 , models 1-2). Additional adjustment for smoking status attenuated the association and statistical significance was no longer observed (PZ0.06, Table 4 , model 3).
No differences in ABI were demonstrated between homozygous carriers and non-carriers (CC). Also, no association with cIMT and prevalent CVD was observed for BclI (Table 4) .
Associations between BclI and inflammation and endothelial dysfunction
Composite scores of inflammation and endothelial dysfunction were not significantly different across the BclI genotypes (Table 5) .
Additional analyses
When investigating the effect of BclI on the individual variables of low-grade inflammation, we observed a significantly lower IL6 level for homozygous carriers (GG) when compared with non-carriers (CC), but only after adjusting for BMI in the mediation analysis (Supplemental Table 1 , model 4, see section on supplementary data given at the end of this). No other associations between BclI and variables of low-grade inflammation and endothelial dysfunction were found (see Supplemental  Tables 1 and 2 ).
In the sensitivity analyses, exclusion of individuals with possible acute inflammation strengthened the association between BclI and blood pressure, IMT and ABI Tables 3 and 4 , see section on supplementary data given at the end of this article). Associations with prevalent CVD, low-grade inflammation and endothelial dysfunction did not materially change (results not shown). Furthermore, adjustment of blood pressure analyses for antihypertensive medication did not substantially change the association between BclI and blood pressure (results not shown). When excluding individuals with an ABI above 1.3, the association between BclI and ABI was slightly attenuated (Supplemental Table 5 ).
Discussion
In this study containing data from two large Dutch population-based cohorts we evaluated the cardiovascular associations of the GR polymorphism BclI. We demonstrated that homozygous carriers of the BclI G-allele had a significantly higher MAP compared with non-carriers, independent of sex, age, cohort, glucose metabolism status, and smoking. Although homozygous carriers had a lower ABI in comparison to heterozygous carriers after adjustment for sex, age, cohort, and glucose metabolism Table 2 ) between groups being compared; IMT, intima-media thickness; ABI, ankle-brachial index; CVD, cardiovascular disease; OR, odds ratio. Note that the association of the BclI polymorphisms with CVD was calculated with logistic regression. *P!0.05. nZ1114 for IMT analyses, nZ1170 for ABI analyses, and nZ1189 for prevalent CVD analyses. 
status, we found no associations of BclI with SBP, IMT, ABI, composite scores for low-grade inflammation and endothelial dysfunction or CVD after adjustment for all study covariates in the full model. Our findings suggest that an increased sensitivity of the GR appears to have limited effects on cardiovascular variables. In this study we found no significant changes in SBP across the BclI genotypes. However, we did demonstrate a significantly higher MAP in homozygous carriers of the BclI polymorphism when compared with non-carriers. Although SBP is clinically regarded as the most important blood pressure measurement, MAP has shown to be very informative in the prediction of stroke and ischemic heart disease mortality (39). Since we previously showed greater total body fatness in homozygous BclI carriers (11) ( Table 2) , and obesity is a known risk factor for hypertension, BMI could be an important mediator in the cardiovascular effects of BclI. We performed a mediation analysis to investigate the extent of the potential role of BMI as a mediator in the association of BclI with blood pressure. BMI accounted for roughly 20% of the effect of BclI on blood pressure (Table 3 , model 4), indicating that the effect of the BclI polymorphism on blood pressure may be partly mediated by increased BMI in homozygous carriers. Adjustment for use of antihypertensive medication did not change the associations. Earlier studies examining effects of BclI on blood pressure showed inconsistent results in varying populations (10, 12, 14, 15, 16) . A large study in a population enriched with individuals with hypertension demonstrated no association between BclI and blood pressure (17) . These analyses were adjusted, however, for multiple covariates, including BMI, and could therefore mask the effect of BclI on blood pressure that is possibly partly mediated by BMI. This hypothesis is supported by a Chinese study in a large healthy cohort showing a strong association of BclI with SBP after adjustment only for sex and age (13) . To our knowledge, we are the first large observational study reporting higher MAP in homozygous carriers of the BclI polymorphism.
We demonstrated a significantly lower ABI in homozygous carriers of the BclI polymorphism compared with heterozygous carriers in the crude analysis and adjusted for sex, age, cohort, and glucose metabolism status. However, after additional adjustment for smoking status, this association was no longer significant, implying that these results should be interpreted with caution. Since some consider correction for potential confounders debatable in a study of genetic variants (40) , the strength of the association between BclI and the outcome variables in our adjusted models might be subject to overcorrection. Next, we investigated whether BMI also mediated the association between BclI and ABI. Adding BMI to the model did not materially change the association, indicating that the effect of BclI on ABI is not mediated by an increase in BMI per se. A previous observational study also did not report an association between BclI and cIMT (18) , which is in accordance with our results. Although it might seem peculiar that the BclI polymorphism was associated with a decrease in ABI whereas cIMT was unaffected, we believe this may represent different pathophysiology of atherosclerotic disease in different vascular territories, where cIMT better represents central atherosclerosis and ABI better represents peripheral atherosclerosis (41) .
In our study we did not find an association between BclI and prevalent CVD, which is in line with some other observational studies (18, 19, 20) . Others have reported higher CVD risk for male individuals carrying the BclI G-allele (16); however, that study was performed in a cohort of individuals with familial hypercholesterolemia. The current study was performed in a cohort enriched with individuals with T2DM and individuals with an elevated CVD risk to increase statistical power. We found no interactions between the BclI genotype and sex for the CVD analyses, and concordantly, stratification for sex did not alter the observations for CVD (results not shown).
No associations of BclI with robust scores for low-grade inflammation and endothelial dysfunction were found in the present study. In our additional analyses we demonstrated a significantly lower IL6 level for homozygous carriers compared with non-carriers, but only after adjustment for BMI. Possibly, anti-inflammatory actions only become apparent when adjusting for pro-inflammatory metabolic traits associated with the polymorphism. However, due to the number of statistical tests performed in these analyses, these findings may well be spurious. The role of glucocorticoids in inflammation is very complex since they are able to exert both pro-and anti-inflammatory effects through several pathways (1). Although one case-control study has shown a lower risk of developing rheumatoid arthritis for BclI-carriers (42), most studies do not suggest the presence of BclI is directly related to inflammation (18, 43) . In line with these observations, our null findings in this large study suggest that the BclI polymorphism mainly has metabolic effects, and that its role in chronic low-grade inflammation is limited, as is supported by a previous cohort study (18) .
At present, it is not exactly known through which mechanism the BclI polymorphism leads to a more sensitive GR. The GR can activate or repress target genes by binding of the receptor to specific glucocorticoidresponsive elements. Additionally, the GR can alter transcription by interacting with other transcription factors (44) . These different pathways result in highly pleiotropic effects of the GR, making it more difficult to speculate about the effects across different BclI genotypes. Our data demonstrate that MAP is higher for homozygous carriers compared with non-carriers, while ABI is different only when comparing homozygous carriers with heterozygous carriers. Our previous study revealed similar findings, demonstrating a higher HOMA-index for homozygous carriers compared with heterozygous carriers only (11) . Thus, even though the exact mechanism might not be known so far, on the basis of our results we are able to conclude that homozygous carriers of the BclI polymorphism seem to consistently express a more unfavorable metabolic and cardiovascular phenotype.
A major strength of our study is the large, metabolically well-defined population, enriched with individuals at risk for cardiometabolic disease, improving its power in analyzing cardiovascular outcomes. On the other hand, a limitation of our study was that we were unable to investigate incident CVD due to the cross-sectional design of the study. Also, since only non-fatal CVD is reported in this study, we cannot exclude potential associations between BclI and cardiovascular mortality. Nevertheless, our comprehensively characterized cohort did enable us to evaluate the role of BclI across several traits of CVD, including low-grade inflammation and endothelial dysfunction.
In conclusion, our study demonstrated that homozygous carriers of the BclI polymorphism of the GR gene have an increased MAP and possibly a decreased ABI, since adjustment for all study covariates in the full model attenuated the effect on ABI. We found no association of the BclI polymorphism with SBP, cIMT, low-grade inflammation, endothelial dysfunction, and prevalent CVD. Although the results of our study support the hypothesis that this common polymorphism can have cardiovascular implications, the effects on the cardiovascular variables appear to be limited and partly mediated by the unfavorable metabolic phenotype exerted by BclI. Since both the actions of the GR and the pathophysiology of CVD are complex and multifactorial, further studies are necessary to understand mechanisms through which BclI causes its metabolic and cardiovascular effects.
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